Introduction {#sec1-1}
============

Multiple myeloma (MM) is the second most common hematologic malignancy accounting for 1% of all tumors in the adults and approximately 15% of all hematologic malignancies.\[[@ref1]\] MM is characterized by abnormal clonal proliferation of plasma cells in the bone marrow.\[[@ref2]\] MM is a disease that affects plasma cells and can lead to devastating clinical features such as anemia, lytic bone lesions, hypercalcemia, and renal disease.\[[@ref3][@ref4]\] Proliferation and survival of these malignant plasma cells heavily depend on signals coming from the microenvironment. Cytokines and growth factors (interleukin-6 \[IL-6\], vascular endothelial growth factor, insulin-like growth factor 1, tumor necrosis factor, transforming growth factor β1, and IL-10) are produced by stromal cells in the microenvironment that regulate myeloma cell growth, survival, and migration.\[[@ref5]\] These inflammatory cytokines were also shown to have prognostic effect in patients with MM.\[[@ref6]\] The international staging system (ISS) has demonstrated the prognostic value of serum β2 microglobulin and albumin levels in patients with MM.\[[@ref7]\] Recently, platelet-to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), and monocyte-to-lymphocyte ratio (MLR) are gaining ground as valuable prognostic markers in solid and other hematologic malignancy.\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\] Therefore, our study aimed to investigate the role of pretreatment PLR, NLR, and MLR on the survival time of patients with MM. There are a number of studies investigating the relationship between NLR, MLR, and PLR and prognosis with myeloma patients in the literature. However, the relationship between PLR and prognosis has not been clearly demonstrated.

Materials and Methods {#sec1-2}
=====================

This retrospective study analyzed 186 newly diagnosed MM patients between 2005 and 2015 in the Department of Hematology, Dokuz Eylul University of Turkey. We described the age, gender, disease staging, immunoglobulin (Ig) subtypes at diagnosis, and survival of all patients. In all patients, complete blood count (CBC), biochemical examinations (including calcium, lactate dehydrogenase, albumin, and β2 microglobulin), erythrocyte sedimentation rate, and C-reactive protein were taken at the diagnosis, and ISS was used as the staging criterion. Samples for laboratory investigations were collected in a standard and dispensed into appropriate bottles. Complete blood was performed with Beckman Coulter LH 780 among automated systems, and PLR, NLR, and MLR were calculated using data from the CBC count at the time of diagnosis. The PLR was calculated as platelet count divided by the absolute lymphocyte count, NLR was calculated as the absolute neutrophil count divided by the absolute lymphocyte count, and MLR was calculated as the absolute monocyte count divided by the absolute lymphocyte count of treatment-naive patients.

Statistical analysis {#sec2-1}
--------------------

Data were entered analyzed using Statistical Package for the Social Sciences (SPSS) statistics v 21.0 (Armonk, IBM Corp., N.Y., U.S.A). Pearson\'s Chi-square test for discrete variables or the Kruskal--Wallis test for continuous variables was used to compare the patient characteristics. The Kaplan--Meier method was used to estimate progression-free survival (PFS) and overall survival (OS). OS was defined as the time from diagnosis to death as a result of any cause. PFS was defined as the time from diagnosis to disease progression. PFS and OS curves were compared using the log-rank test. We determined the optimum cutoff points for the NLR and PLR as a predictor for OS based on the receiver operating characteristic (ROC) curve. The optimum cutoff points were the point on ROC curve. NLR, PLR, MLR, age, and ISS staging all were tested in the multivariate analysis. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

The baseline characteristics of the patients are summarized in [Table 1](#T1){ref-type="table"}. Among 186 MM patients, 56% were male, and 44% were female. The median age was 60 years (range 29--89). ISS staging of patients had been diagnosed with Stage I 24%, Stage II 28%, and Stage III 35% (not evaluated in 13% of the patients). The most prevalent MM type was IgG (51%). Forty-one patients (8%) had severe renal failure.

###### 

The baseline characteristics of the patients

![](JLP-10-363-g001)

Among all patients 100 (54%) received vincristine/doxorubicin/dexamethasone, 34 (18%) received cyclophosphamide/dexamethasone, 21 (11%) received bortezomib/dexamethasone, and 31 (17%) were taken another regimens as induction regimens. A total of 115 (62%) were directed to autologous stem cell transplantation as part of induction regimen.

At the end of follow-up time (median: 44 months), 82 deaths (44%) were recorded. The median OS and PFS were 44 months (2--146 months) and 24 months (0--104 months), respectively. The OS and PFS were 96% and 80% at 1 year, while OS and PFS were 52% and 25% at 5 years, respectively.

ISS staging was reported in only 161 (86.5%) of patients whom β2 microglobulin and albumin values were assessed. The median OS and PFS were calculated for all ISS stages. The median OS and PFS were 59 months and 33 months, respectively, for ISS I. The median OS and PFS were 44 months and 24 months, respectively, for ISS II, and 31 months and 16 months, respectively, for ISS III. We found a statistically significant relationship between ISS staging and OS (*P* = 0.001) and PFS (*P* = 0.001) in multivariate analysis.

The cutoff values for NLR, PLR, and MLR were not uniform in the previous reports for cancers. Hence, we performed ROC curve analysis for finding optimal cutoff points for the PLR, NLR, and MLR. The median NLR was 1.9 (range 036--9.4), the median PLR was 120.00 (range 7.50--765.00), and MLR was 0.27 (range 0--1.1). Based on the cutoff points for the NLR, PLR, and MLR, the patients were categorized into the groups as follows: high NLR group (≥1.9), low NLR group (\<1.9) (with a sensitivity of 52.9% and specificity of 46.3%), high PLR group (≥120.00), low PLR group (\<120.00) (with a sensitivity of 42.3% and specificity of 57.3%), high MLR group (≥0.27), and low MLR group (\<0.27) (with a sensitivity of 48% and specificity of 51%).

There was no statistical difference in OS between high NLR and low NLR groups (45 months \[4--146 months\] and 43 months \[2--130 months\]; *P* = 0.80, consistency). However, the OS of high PLR group was higher than low PLR group (48 months \[4--146 months\] and 40 months \[2--109 months\] *P* = 0.006, consistency) \[[Figure 1](#F1){ref-type="fig"}\].

![(a) The impact of platelet-to-lymphocyte ratio on overall survival in multiple myeloma patients, (b) the impact of platelet-to-lymphocyte ratio on progression-free survival in multiple myeloma patients](JLP-10-363-g002){#F1}

There was no significant difference in PFS between high NLR and low NLR groups (16 months \[2--72 months\] and 24 months \[3--98 months\], *P* = 0.14, consistency). However, the median PFS was higher in high PLR group (26 months \[2--104 months\] and 22 months \[2--98 months\], *P* = 0.005, consistency) \[[Figure 2](#F2){ref-type="fig"}\].

![(a) The impact of neutrophil-to-lymphocyte ratio on overall survival in multiple myeloma patients, (b) the impact of neutrophil-to-lymphocyte ratio on progression-free survival in multiple myeloma patients](JLP-10-363-g003){#F2}

The 5-year PFS and OS estimates were 51% and 56% for patients with PLR \<120.00 group versus 61% and 66% in patients with PLR ≥120.00 group, respectively (*P* = 0.006, consistency). The baseline characteristics of the patients in PLR groups are summarized in [Table 2](#T2){ref-type="table"}.

###### 

The baseline characteristics of the patients according to platelet-to-lymphocyte ratio groups
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We studied that the prognostic value of MLR also. However, there was no significant difference in PFS and OS between high and low MLR groups (PFS: 24 months \[2--104 months\] and 24 months \[2--98 months\], *P* = 0.81; OS: 43 months \[4--146 months\] and 44 months \[2--130 months\], *P* = 0.87).

We examined affecting to OS of five variables, namely NLR, PLR, MLR, young age, and all ISS stage within multivariate analysis. We found that PLR, NLR, and ISS stage were statistically significant independent predictors for OS in the multivariate analysis \[[Table 3](#T3){ref-type="table"}\].

###### 

The results with multivariate analysis of the neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, monocyte-to-lymphocyte ratio, age, and international staging system for overall survival
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We made a subgroup analysis for each ISS stage for all patients; we combined the ISS stage and PLR. As shown in [Table 4](#T4){ref-type="table"}, OS and PFS were lower in all ISS subgroups of the patients with PLR \<120.00; however, survival times were lowest in patients with ISS III and PLR \<120.00. Thus, ISS-PLR very high-risk group was defined in this group with ISS stage III and PLR \<120.00. At the same time, as shown in [Table 4](#T4){ref-type="table"}, OS and PFS were highest in patients with ISS I and PLR ≥120.00. As a result, this group with ISS I and PLR ≥120.00 was defined as a ISS-PLR low-risk group. In all, 13, 5% of the patients were classified into the very low-risk group (ISS stage I and PLR ≥120.00), 65% in standard risk group (patients not included in other two groups), and 21,5% in very high-risk group (ISS Stage III and PLR \<120.00). The 5-year OS estimates were 88% (93 months), 71% (63 months), and 22% (42 months), for ISS-PLR very low, standard, and very high-risk groups, respectively. The 5-year PFS estimates were 70%, 30%, and 10% in ISS-PLR very low, standard, and very high-risk groups, respectively \[Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\].

###### 

Progression-free survival and overall survival results according to ISS and PLR
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![The impact of platelet-to-lymphocyte ratio on progression-free survival according to the international staging system Stages I, II, and III](JLP-10-363-g007){#F3}

![The impact of platelet-to-lymphocyte ratio on overall survival according to the international staging system Stages I, II, and III](JLP-10-363-g008){#F4}

There was no statistical significance between PLR groups for OS and PFS in the different treatment regimen subgroups. Since the numbers of patient were very small and the groups were heterogeneous.

Discussion {#sec1-4}
==========

During systemic inflammation, neutrophilia and relative lymphopenia are expected as physiological response of the innate immune system.\[[@ref15]\] Recently, the immunological profıle of patients with MM has been investigated in many studies, and the distinct immunological profile has been found to be associated with overall survival.\[[@ref16]\] The NLR directly reflects the balance between neutrophilia and lymphopenia. A high NLR has been shown to be associated with poor prognosis for pancreatic, esophageal, rectal, lung, gastric, breast, ovarian cancer, and hematologic malignancy.\[[@ref12][@ref17][@ref18][@ref19]\] NLR can be prognostic factor in severe disease conditions and various cancers. In the literature, there are some discrepancies about the effect of NLR on OS in patients with hematologic malignancies.\[[@ref10][@ref11][@ref20][@ref21]\] Wongrakpanich *et al*. found a significant relationship between high NLR and OS in the patients with MM (NLR cutoff point 2.59).\[[@ref11]\] In another study, which was reported by Kelkitli *et al*., the study groups were divided into two groups according to the NLR cutoff point of 2.0. They found that MM patients with a NLR \<2.0 survived longer compared with NLR \>2.0.\[[@ref10]\] This was the first study that found a significant relationship between NLR and OS in MM. Romano *et al*. found NLR to be a predictor of PFS and OS in MM patients treated upfront with novel agent. They showed that the 5-year PFS and OS estimates were 18.2% and 36.4% for patients with NLR \>2.0 versus 25.5 and 66.6% in patients with NLR \<2.0. The prognostic relevance of NLR was even more prominent in the young patients and treated with autologous stem cell transplantation upfront.\[[@ref20]\]

In contrast to these studies, Atallah *et al*. did not able to show any significant relationship between OS and NLR. They used 2.28 as NLR cutoff point. They defended their result on the basis of small sample size (96 patients).\[[@ref21]\] We also did not find any statistical significant relationship between OS and NLR groups, although the survival seems to be better in low NLR group but not statistically significant (5-year OS: 66% in low NLR, 54% in high NLR, *P* = 0.80). Due to these discrepancies, we think that prospective studies are needed, to clarify the effect of NLR on OS.

As the reactive thrombosis may be related to inflammatory response, the interaction between PLR and prognosis has been investigated in many studies, and high PLR was reported as a predictor of poor prognosis in both hematological and nonhematological malignancies.\[[@ref11][@ref13][@ref14][@ref22][@ref23]\] However, in contrast to these, a low platelet count or low PLR have been demonstrated to be a poor prognostic factor in myeloma patients.\[[@ref24][@ref25][@ref26]\] This difference in MM may be due to the pathology of the disease. Normal thrombopoiesis is inhibited by the accumulation of malignant plasma cells in the bone marrow in MM. The inflammatory response is related to cancer pathophysiology, the markers of inflammation, such as lymphocyte count, platelet count, C-reactive protein, and hypoalbuminemia, have been investigated in cancer. Takagi *et al*. investigated the association of platelet activation status with clinical stages in MM patients and showed the role of platelets in MM progression. They found that IL-1β is critical to platelet-mediated MM progression.\[[@ref27]\] In another study shown also that the half-life of platelets has been reported to be significantly reduced in patients with MM.\[[@ref28]\] In the study by Shi *et al*., it was shown that elevated NLR and MLR and decreased PLR were associated with unfavorable outcomes in newly diagnosed MM patients. The cutoff points for NLR, PLR, and MLR were 4, 100, and 0.3, respectively, in their study.\[[@ref29]\]

In this study, we evaluated the prognostic significance of PLR in newly diagnosed myeloma patients and found a statistically significant difference in OS and PFS between patients with high and low PLR (OS: 48 months and 40 months *P* = 0.006; PFS: 26 and 22 months *P* = 0.005). However, high NLR and MLR did not affect the survival times significantly in the MM patients. We think this may be due to low sample size of our study.

Onec *et al*. showed that high NLR was associated with poor prognosis in the myeloma patients.\[[@ref29]\] Li *et al*. retrospectively analyzed 315 newly MM patients and showed that MM patients with high NLR(\>2) experienced shorter OS (*P* = 0.02) and PFS (*P* = 0.01).\[[@ref30]\] However, the differences in OS and PFS by PLR were not found in these MM patients. Contrary to this, in this study, it was shown that there were statistically significant effects of PLR on OS and PFS in MM patients; however, there were no significant differences of OS and PFS according to NLR and MLR in MM patients. However, in multivariate analysis, it was concluded that PLR, NLR, and ISS stages were statistically significant independent predictors for OS.

Conclusions {#sec1-5}
===========

As a result, we concluded that PLR is a significant prognostic factor for OS and PFS in newly diagnosed MM patients. The prognostic effect of PLR, NLR, and MLR in MM patients is still unclear. Further prospective studies will be necessary to the use of PLR as a prognostic marker in MM patients in routine practice.
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